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Prevalence of Allergic Diseases among Korean School-age 
Children: A Nationwide Cross-Sectional Questionnaire Study
The purpose of this study was to investigate the nationwide prevalence of childhood 
asthma, eczema and other allergic diseases in Korean school-age children (8-11 yr old) and 
to assess the difference between residential areas. Among 6,279 elementary schools, 427 
schools were randomly selected according to residential area (metropolitan, provincial, 
rural, and industrial area) by the cluster sampling method. Parents of students completed a 
modified Korean version of a questionnaire formulated by the International Study of 
Asthma and Allergies in Childhood (ISAAC). Among 50,200 subjects, 31,026 (61.8%) 
responded, and 30,893 (99.6%) were analyzed. The 12-month prevalence of wheeze, 
flexural rash, and allergic rhinitis symptoms were 4.8%, 15.3%, and 32.9%, respectively. 
The prevalence of diagnosis of allergic diseases in boys was higher than that in girls, with 
the exception of eczema. In both boys and girls, the difference of the prevalence of allergic 
diseases among industrial, metropolitan and provincial areas was not statistically 
significant, but the differences between rural area and other areas were significant. Our 
results support the importance of contextual effect associated with residential area as 
causative agents of allergic diseases among Korean school-age children.
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INTRODUCTION 
Asthma, allergic rhinitis and eczema have become the most com-
mon chronic diseases among children worldwide (1, 2). Many 
researchers have indicated an increase in the prevalence and 
economic burden of these diseases for the last few decades (3, 4). 
In developed countries, asthma accounts for 1%-2% of the total 
healthcare costs (5). In Korea, 663 disability-adjusted life years 
(DALYs) lost per 100,000 of the population is spent on asthma 
in men (6). 
  Various factors are known to be associated with the allergic 
diseases, which include smoking habits, age, lifestyle, obesity 
and environmental stimuli (e.g., exposure of allergen, air pollu-
tion, and climate) (1, 2). Among these factors, environmental 
factors such as outdoor or indoor air pollution are more likely 
than genetic factors to be explained the increasing trends. Re-
cently, many epidemiological studies have consistently docu-
mented an association between air pollution and the prevalence 
of allergic diseases (7-9) and a lower prevalence of allergic dis-
eases in subjects living in the rural areas (10-13).
  In 1995 and 2000, the Korean Academy of Pediatric Allergy 
and Respiratory Diseases (KAPARD) has conducted in the na-
tionwide the International Study of Asthma and Allergies in 
Childhood (ISAAC) survey (14, 15). The twice nationwide stud-
ies were conducted on students from elementary schools and 
middle schools located in Seoul and the 8 major provincial cit-
ies in Korea (Ansan, Ulsan, Suwon, Jeju, Changwon, Cheongju, 
Chuncheon, and Jeonju). These studies were not designed to 
contain a situation in non-urban area such as rural or industrial 
area. The other previous studies in Korea were limited by a small 
number of study population or region (16-18). Therefore, a na-
tionwide prevalence was not reflected in it. 
  The objective of this study is to determine the prevalence of 
allergic diseases among Korean school-age children as well as 
to assess the difference between residential areas.
MATERIALS AND METHODS 
Study design and subjects 
We obtained the data on the geographic area and the number 
of students of all elementary schools (n = 6,279) in 2006 was ac-
quired from Ministry of Education, Science and Technology 
(MEST) of the Republic of Korea. The clustered random sam-
pling method was used to obtain a representative population of 
elementary school students in each type of residential area. Res-
idential areas were divided into four groups: metropolitan, pro-
vincial, rural, and industrial areas. An industrial area was defined 
as an industrial complex harboring an elementary school. Ac-
cording to the definition, this study included 17 out of a total of 
40 industrial complexes in Korea in the industrial area group. Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
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Among 87 elementary schools in industrial area, 25 elementary 
schools (29%) were randomly selected. In each group except 
the industrial area, 10% of the elementary schools, of which the 
number of class was over 3, were randomly selected. Then, one 
class of each grade (among grades 3 through 5; 8-11 yr old) of 
each elementary school was randomly selected. 
  A set of letters of invitation, informed consent forms, and the 
questionnaires were mailed to each selected elementary school 
in October and November 2006. All mailing contents were ad-
dressed to the parents of the children as parents were asked to 
complete the questionnaire. Among 50,200 subjects of 427 ele-
mentary schools, a total of 31,026 (61.8%) of 363 elementary 
schools responded the survey; 10,202 (61.0%) out of 16,733 sub-
jects in grade 3, 10,535 (63.0%) out of 16,733 subjects in grade 4, 
and 10,289 (61.5%) out of 16,733 subjects in grade 5.
Questionnaire 
In this study, a Korean version of the ISAAC questionnaire for 
allergic diseases was used. Detailed characteristics of the Korean 
version of ISAAC questionnaire have been previously reported 
previously (14). Asthma prevalence was determined by lifetime 
and current (last 12 months) wheezing episodes. Also we asked 
whether they have ever been diagnosed for asthma by doctor, 
and treated for asthma in last 12 months. We asked similar ques-
tion modules for eczema, allergic rhinitis, allergic conjunctivi-
tis, and food allergy. In addition, questions on living conditions 
such as monthly electricity bill (as a proxy indicator of socio-eco-
nomic status) were added. 
Statistics 
For the analyses, we excluded a total of 133 children with incom-
plete data. Nineteen children did not specify for symptoms of 
wheeze, allergic rhinitis and eczema; another children did not 
provide data for gender (n = 59), and grade (n = 55). The final 
study population comprised 30,893 children with complete data.
  The prevalence was calculated by dividing the number of pos-
itive responses to each question. We adjusted gender-specific 
prevalence rates for sampling rate across the residential areas 
and responsible rate (PROC SURVEYFREQ in SAS). The preva-
lence of allergic diseases across the residential areas was calcu-
lated, as well as the weighted prevalence adjusted for response 
rate. For all statistical analyses the SAS 9.1 system was used. A P 
value of < 0.05 was considered to be significant.
Ethics statement
This study was approved by the institutional review board of Yon-
sei University, College of Medicine (approval number: 4-2007-
0083) and informed consent was obtained from all parents and 
students.
RESULTS 
General characteristics 
A total of 30,893 children in 363 elementary schools participat-
ed in this analysis. The participants were grouped by residential 
area: metropolitan, provincial, rural, and industrial areas. The 
percentage of girls (57.1%) was slightly higher than boys (42.9%) 
and the proportion of grade 3 (32.9%), grade 4 (34.0%), and grade 
5 (33.2%) was similar (Table 1). 
Prevalence of allergic diseases by gender 
The prevalence of ‘wheeze, ever’ was 12.4% (95% confidence 
interval [CI], 11.8-13.0) in boys and 8.7% (95% CI 8.3-9.2) in girls 
(Table 2). The prevalence of ‘wheezing, last 12 months’ was 5.9% 
(95% CI 5.5-6.3) in boys and 4.0% (95% CI 3.7-4.2) in girls. Boys 
showed higher prevalence than girls for both questions (P < 
0.001). 
  The prevalence of ‘itchy rash, ever’ was 20.3% (95% CI 19.5-
21.1) in boys and 22.3% (95% CI 21.6-23.0) in girls. The preva-
lence of allergic rhinitis and allergic conjunctivitis was higher in 
boys than girls (P < 0.001). Unlike other allergic symptoms, ec-
zema had higher prevalence of girls than that of boys (P < 0.001). 
The prevalence of ‘symptom of food allergy, ever’ was signifi-
cantly higher in girls (11.6%) than boys (10.5%), while other prev-
Table 1. Characteristic of the subjects by residential area 
Parameters
Total  
No. (%)
Metropolitan area  
No. (%)
Provincial area  
No. (%)
Rural area  
No. (%)
Industrial area  
No. (%)
 P value
No. of subjects 30,893 (100.0) 13,093 (42.4) 10,070 (32.6) 5,876 (19.0) 1,854 (6.0) < 0.001
Gender
   Boys
   Girls
 
13,254 (42.9)
17,639 (57.1)
 
5,713 (43.6)
7,380 (56.4)
 
4,135 (41.1)
5,935 (58.9)
 
2,636 (44.9)
3,240 (55.1)
 
770 (41.5)
1,084 (58.5)
 
< 0.001
Elementary
   Grade 3
   Grade 4
   Grade 5
 
10,148 (32.9)
10,493 (34.0)
10,252 (33.2)
 
4,184 (32.0)
4,503 (34.4)
4,406 (33.6)
 
3,468 (34.4)
3,365 (33.4)
3,237 (32.1)
 
1,805 (30.7)
2,007 (34.2)
2,064 (35.1)
 
691 (37.3)
618 (33.3)
545 (29.4)
 
< 0.001
 
 
Monthly electricity bill
   < KRW 30,000
   KRW 30,000-60,000 
   ≥ KRW 60,000
 
8,186 (26.9)
16,020 (52.7)
6,203 (20.4)
 
2,791 (21.6)
6,734 (52.2)
3,372 (26.2)
 
3,056 (30.8)
5,414 (54.6)
1,455 (14.7)
 
1,771 (30.8)
2,834 (50.3)
1,090 (19.0)
 
568 (30.9)
982 (53.5)
286 (15.6)
 
< 0.001
 
 
KRW, Korean won; the currency of the Republic of Korea.Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
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alence of food allergy were similar in both boys and girls.
Prevalence in boys by residential area 
In boys, the prevalence of ‘wheeze, ever’ in industrial area (13.6%, 
95% CI 10.7-16.5) was the highest, which was not statistically sig-
nificant (P = 0.250) (Table 3). The next highest was metropolitan 
area (12.9%), followed by provincial area (12.4%), and rural area 
(11.5%). The prevalence of ‘diagnosis of asthma, ever’ in provin-
cial area (9.7%) was the highest, while that in industrial area (7.5 
%) was the lowest. It was significantly different (P = 0.021). 
Table 2. Prevalence of symptoms of allergic diseases by gender
Clinical feature
Total 
% (95% CI)
Boys 
% (95% CI)
Girls 
% (95% CI)
P value
Asthma
   Wheeze, ever
   Wheezing, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
10.3 (9.9-10.6)
4.8 (4.5-5.0)
7.6 (7.3-8.0)
2.5 (2.3-2.7)
 
12.4 (11.8-13.0)
5.9 (5.5-6.3)
9.1 (8.6-9.7)
3.3 (2.9-3.6)
 
8.7 (8.3-9.2)
4.0 (3.7-4.2)
6.6 (6.2-7.0)
2.0 (1.8-2.2)
 
< 0.001
< 0.001
< 0.001
< 0.001
Eczema
   Itchy rash, ever
   Flexural rash, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
21.4 (20.9-21.9)
15.3 (14.9-15.8)
27.9 (27.3-28.5)
13.7 (13.3-14.1)
 
20.3 (19.5-21.1)
13.7 (13.1-14.4)
26.8 (25.9-27.7)
12.7 (12.1-13.4)
 
22.3 (21.6-23.0)
16.5 (15.9-17.1)
28.7 (27.9-29.5)
14.5 (13.9-15.1)
 
< 0.001
< 0.001
< 0.001
< 0.001
Allergic rhinitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
38.7 (38.1-39.3)
32.9 (32.3-33.5)
27.8 (27.2-28.4)
21.3 (20.8-21.8)
 
42.9 (41.9-43.9)
37.3 (36.4-38.3)
32.3 (31.2-33.4)
25.2 (24.3-26.2)
 
35.6 (34.8-36.4)
29.7 (29.0-30.5)
24.4 (23.7-25.2)
18.4 (17.8-19.1)
 
< 0.001
< 0.001
< 0.001
< 0.001
Allergic conjunctivitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
18.3 (17.9-18.8)
13.8 (13.4-14.3)
19.1 (18.6-19.5)
11.5 (11.1-11.9)
 
19.6 (18.8-20.4)
15.0 (14.3-15.6)
21.2 (20.4-22.0)
12.9 (12.3-13.6)
 
17.4 (16.7-18.0)
13.0 (12.4-13.5)
17.4 (16.8-18.1)
10.4 (9.9-10.9)
 
< 0.001
< 0.001
< 0.001
< 0.001
Food allergy
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
11.2 (10.8-11.6)
7.5 (7.1-7.8)
5.2 (5.0-5.5)
2.4 (2.2-2.6)
 
10.5 (10.0-11.1)
7.1 (6.6-7.6)
5.5 (5.1-5.9)
2.4 (2.1-2.7)
 
11.6 (11.1-12.2)
7.7 (7.3-8.2)
5.1 (4.7-5.5)
2.4 (2.2-2.7)
 
0.004
0.049
0.189
0.965
Table 3. Prevalence of symptoms of allergic diseases by residential area in boys 
Clinical feature
Metropolitan area  
% (95% CI)
Provincial area  
% (95% CI)
Rural area  
% (95% CI)
Industrial area  
% (95% CI)
P value
Asthma
   Wheeze, ever
   Wheezing, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
12.9 (12.0-13.9)
5.9 (5.2-6.5)
9.5 (8.7-10.3)
3.1 (2.6-3.5)
 
12.4 (11.4-13.5)
5.9 (5.1-6.6)
9.7 (8.8-10.7)
3.4 (2.8-4.0)
 
11.5 (10.1-12.8)
6.0 (5.0-7.0)
7.9 (6.8-9.1)
3.3 (2.6-4.1)
 
13.6 (10.7-16.5)
6.1 (4.3-7.9)
7.5 (5.5-9.5)
2.8 (1.7-4.0)
 
0.250
0.987
0.021
0.770
Eczema
   Itchy rash, ever
   Flexural rash, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
22.2 (21.0-23.4)
15.4 (14.4-16.5)
29.9 (28.5-31.2)
13.7 (12.7-14.7)
 
20.7 (19.4-22.1)
13.6 (12.5-14.7)
27.7 (26.2-29.2)
13.0 (11.9-14.0)
 
16.9 (15.3-18.5)
11.4 (10.0-12.8)
21.2 (19.4-23.0)
10.8 (9.5-12.2)
 
22.3 (18.5-26.1)
15.9 (12.0-19.7)
28.5 (24.5-32.5)
15.0 (11.3-18.7)
 
< 0.001
< 0.001
< 0.001
0.002
Allergic rhinitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
46.6 (45.0-48.1)
41.1 (39.6-42.6)
35.9 (34.3-37.6)
27.5 (26.0-28.9)
 
44.7 (42.9-46.5)
39.1 (37.4-40.9)
34.2 (32.2-36.2)
27.4 (25.7-29.2)
 
35.5 (33.5-37.5)
29.6 (27.7-31.4)
24.7 (22.7-26.7)
19.2 (17.4-21.1)
 
45.8 (42.3-29.4)
39.7 (36.2-43.1)
34.5 (30.5-38.4)
27.8 (24.4-31.2)
 
< 0.001
< 0.001
< 0.001
< 0.001
Allergic conjunctivitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
20.3 (19.2-21.3)
15.7 (14.8-16.7)
22.9 (21.8-24.1)
13.4 (12.5-14.3)
 
21.1 (19.7-22.6)
16.2 (15.0-17.4)
23.3 (21.8-24.7)
14.9 (13.7-16.1)
 
16.7 (15.1-18.3)
12.3 (10.9-13.6)
15.9 (14.3-17.5)
9.7 (8.5-10.9)
 
19.4 (16.5-22.2)
15.2 (12.9-17.5)
25.9 (22.6-29.3)
15.3 (12.9-17.81)
 
< 0.001
< 0.001
< 0.001
< 0.001
Food allergy
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
11.8 (10.9-12.6)
7.9 (7.1-8.6)
5.8 (5.2-6.5)
2.6 (2.2-3.1)
 
10.4 (9.4-11.4)
7.1 (6.2-7.9)
5.5 (4.8-6.2)
2.1 (1.7-2.6)
 
9.0 (7.9-10.2)
6.2 (5.2-7.2)
4.8 (4.0-5.6)
2.4 (1.8-3.0)
 
11.0 (8.7-13.4)
7.2 (5.3-9.0)
6.3 (4.4-8.1)
2.9 (1.7-4.1)
 
< 0.001
0.028
0.157
0.377Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
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  Children in rural area demonstrated the lowest prevalence of 
‘itchy rash, ever’ at 16.9% (95% CI 15.3-18.5) compared to chil-
dren from metropolitan (22.2%), provincial (20.7%), and indus-
trial area (22.3%).
  Symptoms of allergic rhinitis which included sneezing, con-
gestion and nose itching, most frequently appeared in March, 
April (spring), and September, October (fall) (data not shown). 
For allergic rhinitis and allergic conjunctivitis, rural area showed 
lower prevalence than other areas. The prevalence of ‘symptom 
of allergic rhinitis, ever’ in metropolitan area (46.6%) was the 
highest, while that in rural area (35.5%) was the lowest. It was 
significantly different (P < 0.001). The prevalence of ‘symptom 
of allergic conjunctivitis, ever’ in provincial area (21.1%) was 
the highest, while that in rural area (16.7%) was the lowest (P < 
0.001). 
Prevalence in girls by residential area 
The prevalences in boys and girls were mostly similar (Table 4). 
However, the highest prevalence of ‘wheeze, ever’ in girls was 
observed in metropolitan area (9.7%, 95% CI 9.0-10.4), which 
was significantly different from boys (P < 0.001). Also, no signif-
icant differences were found in other prevalences related with 
asthma among the four residential areas. 
  The prevalence of ‘itchy rash, ever’ was 19.2% (95% CI, 17.5-
20.8) in rural area, which was lower than other areas. Industrial 
area had the highest prevalence of ‘flexural rash, last 12 months’ 
(18.7%) while rural area showed the lowest (14.2%). 
  For allergic rhinitis and allergic conjunctivitis, rural area show-
Table 4. Prevalence of symptoms of allergic diseases by residential area in girls
Clinical feature
Metropolitan area 
% (95% CI)
Provincial area 
% (95% CI)
Rural area 
% (95% CI)
Industrial area 
% (95% CI)
P value
Asthma
   Wheeze, ever
   Wheezing, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
9.7 (9.0-10.4)
4.2 (3.7-4.7)
6.9 (6.2-7.5)
2.2 (1.9-2.6)
 
8.7 (7.9-9.5)
3.8 (3.3-4.3)
6.9 (6.2-7.6)
1.8 (1.4-2.1)
 
7.5 (6.6-8.3)
3.7 (3.1-4.4)
5.7 (4.7-6.8)
2.0 (1.5-2.4)
 
8.6 (6.6-10.6)
4.7 (3.3-6.2)
6.7 (4.8-8.6)
2.1 (1.2-3.0)
 
< 0.001
0.428
0.144
0.284
Eczema
   Itchy rash, ever
   Flexural rash, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
23.5 (22.4-24.7)
17.5 (16.5-18.5)
31.2 (30.0-32.4)
15.1 (14.2-16.0)
 
23.0 (21.9-24.1)
17.0 (16.0-18.0)
30.0 (28.7-31.3)
15.1 (14.1-16.1)
 
19.2 (17.5-20.8)
14.2 (12.8-15.6)
23.0 (21.2-24.9)
12.7 (11.3-14.0)
 
25.0 (21.1-28.8)
18.7 (15.2-22.2)
30.4 (26.4-24.5)
14.5 (11.4-17.6)
 
< 0.001
< 0.001
< 0.001
0.005
Allergic rhinitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
37.5 (36.3-38.7)
31.7 (30.5-32.9)
26.5 (25.3-27.6)
19.9 (18.8-20.9)
 
36.6 (35.3-38.0)
30.6 (29.3-32.0)
25.6 (24.2-26.9)
19.3 (18.1-20.5)
 
31.2 (29.5-33.0)
25.6 (23.8-27.4)
19.7 (17.9-21.5)
14.9 (13.5-16.4)
 
36.1 (33.1-39.2)
30.0 (27.0-33.0)
26.3 (22.5-30.1)
19.9 (16.8-23.0)
 
< 0.001
< 0.001
< 0.001
< 0.001
Allergic conjunctivitis
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
18.1 (17.1-19.1)
13.7 (12.8-14.5)
18.1 (17.2-18.9)
10.8 (10.1-11.5)
 
18.8 (17.7-19.9)
14.2 (13.3-15.2)
19.6 (18.4-20.7)
12.2 (11.3-13.1)
 
14.1 (12.8-15.5)
10.0 (9.0-11.2)
13.2 (11.8-14.6)
7.1 (6.0-8.2)
 
18.3 (16.1-20.5)
14.2 (12.2-16.2)
19.9 (17.5-22.3)
10.7 (8.6-12.8)
 
< 0.001
< 0.001
< 0.001
< 0.001
Food allergy
   Symptom, ever
   Symptom, last 12 months
   Diagnosis, ever
   Treatment, last 12 months
 
12.4 (11.6-13.2)
8.1 (7.4-8.8)
5.4 (4.9-6.0)
2.5 (2.2-2.9)
 
12.0 (11.1-12.9)
8.2 (7.5-9.0)
5.1 (4.6-5.7)
2.3 (2.0-2.7)
 
10.0 (8.8-11.2)
6.6 (5.7-7.5)
4.5 (3.7-5.3)
2.3 (1.7-2.8)
 
10.9 (8.9-12.8)
7.6 (5.8-9.3)
5.7 (4.2-7.3)
3.3 (2.3-4.2)
 
0.001
0.007
0.206
0.492
ed lower prevalence than other areas. The prevalence of ‘symp-
tom of allergic rhinitis, ever’ in rural area (31.2%) was the low-
est, and that in other areas were similar to each other (37.5% for 
metropolitan, 36.6% for provincial, and 36.1% for industrial ar-
eas). The prevalence of ‘diagnosis of allergic conjunctivitis, ever’ 
was the highest in industrial area (19.9%), while that in rural area 
(13.2%) was the lowest. 
DISCUSSION
This study was a nationwide questionnaire survey to assess the 
prevalence of allergic diseases in elementary school-age chil-
dren in Korea. Also, using random sampling and sample weight, 
we estimated nationally representative prevalence of allergic dis-
eases. In 1995 and 2000, the twice nationwide studies were con-
ducted (14, 15). These studies, which utilized the same methods 
to our study formulated by the ISAAC questionnaire, were con-
ducted on students enrolled in elementary and middle schools 
located in Seoul and major provincial cities in Korea. While they 
surveyed different schools, their findings regarding the preva-
lences among elementary school-age children were compared 
with our results as all three studies used the same questionnaire.
  The prevalence of ‘wheeze, ever’ was decreased from 1995 to 
2006 (17.0% in 1995, 13.0% in 2000, and 10.3% in 2006), and the 
prevalence of “diagnosis of asthma, ever” was the highest in 2000 
and dropped in 2006 (7.7% in 1995, 9.1% in 2000, and 7.6% in 
2006). There was no change in the prevalence of “treatment of 
asthma, last 12 months” in 1995 (3.2%) and 2000 (3.3%), but the Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
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prevalence declined to 2.5% in 2006. The decreasing prevalence 
of ‘wheeze, ever’ from 1995 to 2006 might influence the recent 
occurrence of diagnosis and treatment of asthma. However, the 
prevalence of diagnosis of the other allergic diseases such as ec-
zema, allergic rhinitis, and allergic conjunctivitis increased from 
1995 to 2006. According to the ISAAC Phases One and Three re-
peat multi-country cross-sectional surveys, the prevalence of 
asthma showed an increasing trend worldwide (19). However, 
this trend has been halted in some countries such as Malaysia, 
Singapore, Mexico, Sweden, and Australia.
  Only the prevalence of asthma decreased. It might reflect cor-
rect diagnosis and awareness of childhood asthma. Physicians 
usually diagnose asthma without methacholine challenge test 
in children. But using biomarkers such as blood immunoglob-
ulin E (IgE) or allergy test, recent physician-diagnosis of asthma 
has been fairly correct. Moreover, the decreasing prevalence of 
asthma symptoms might reflect successful management. There 
is a possibility of recall bias on parents who answered the ques-
tion about asthma; also concerned parents often misunderstand 
their children’s respiratory symptoms, like recurrent cough. 
  Using the ISSAC questionnaire, we found that all the preva-
lences of ‘wheeze, ever’ , ‘wheezing, last 12 months’ , ‘diagnosed 
asthma, ever’ , and ‘treatment of asthma, last 12 months’ were 
significantly higher in boys than in girls. All prevalences regard-
ing allergic rhinitis and allergic conjunctivitis were higher in boys 
than in girls, while the prevalence of eczema was higher in girls 
than in boys. Differences in disease susceptibility and progno-
sis between men and women are known to occur in the devel-
opment of cardiovascular, neurodegenerative, and immunolog-
ical disorders. Also, differences in allergic disease between boys 
and girls have been shown by other studies (20-24). Compared 
with girls, boys have a higher incidence of asthma in childhood, 
but a lower incidence after the onset of puberty (20, 25). Wom-
en exhibit higher prevalence of airway hyperresponsiveness to 
cholinergic challenge than men (26). This provides partial sup-
port for the hypothesis that sex hormones influence that. In our 
study, the higher prevalences of allergic diseases in boys could 
be due to the children at the pre-puberty. Also, a study by Osman 
et al. showed that over 15 yr (from 1989 to 2004) the gender dif-
ference in allergic diseases such as asthma, eczema, and hay fe-
ver declined (23). Further study is needed to assess the changes 
in the age-gender distribution.
  Recently, several studies have reported associations between 
air pollution and allergic diseases (7-9). We expected higher 
prevalences of allergic diseases in industrial area, which have 
more point sources of air pollution than other areas. But the 
prevalences of allergic diseases in industrial area were similar 
to that in urban area including metropolitan and provincial ar-
eas. In previous Korean study, the prevalences of asthma and 
other allergic diseases were higher in Seoul than in other pro-
vincial cities in 1995, but became similar in 2000 (15). African 
studies reported on the prevalence of childhood asthma which 
confirmed urban-rural differences, and showed that this gap 
was rapidly narrowing (27). In that study, the gap may be nar-
rowing partially because rural children were increasingly ex-
posed to westernized lifestyle. A study by Lee et al. (14) suggests 
personal characteristics as more important factors than envi-
ronmental pollution. 
  In the present study, we could not find any significant differ-
ence in the prevalence of allergic diseases among industrial, 
metropolitan and provincial areas, but the differences were sta-
tistically significant between rural area and other areas. Living 
in rural area decreased the likelihood of developing allergic dis-
eases in other studies (11-13, 28). Also, a study in Poland showed 
that a fourfold higher percentage of allergic urban children were 
found to be sensitized to five or more allergens compared with 
children in rural areas (29). The type of residential area might 
have an important effect on allergic diseases. More study is need-
ed to assess the lifestyle difference between urban and rural ar-
eas.
  In conclusion, this study showed a gender difference in the 
prevalence of allergic diseases. Also there was a low prevalence 
of allergic diseases among school-age children in rural area com-
pared other areas. Our results support the importance of con-
textual effect associated with residential area as causative agents 
of allergic diseases in Korean children. Therefore, further evalu-
ations, including objective examination and prospective study, 
are necessary to confirm these outcomes because risk factors 
such as environmental and personal characteristics may be dif-
ferent among the types of residential area according to life style.
ACKNOWLEDGMENTS
We thank the Korean Academy of Pediatric Allergy and Respi-
ratory Disease for providing the Korean version of ISAAC writ-
ten questionnaire and all the children and parents who partici-
pated in this study. 
REFERENCES
1. The International Study of Asthma and Allergies in Childhood (ISAAC) 
Steering Committee. Worldwide variation in prevalence of symptoms of 
asthma, allergic rhinoconjunctivitis, and atopic eczema: ISAAC. Lancet 
1998; 351: 1225-32.
2. Ellwood P, Asher MI, Beasley R, Clayton TO, Stewart AW; ISAAC Steer-
ing Committee. The international study of asthma and allergies in child-
hood (ISAAC): phase three rationale and methods. Int J Tuberc Lung Dis 
2005; 9: 10-6.
3. Beasley R, Crane J, Lai CK, Pearce N. Prevalence and etiology of asthma. 
J Allergy Clin Immunol 2000; 105: S466-72.
4. Fineman SM. The burden of allergic rhinitis: beyond dollars and cents. 
Ann Allergy Asthma Immunol 2002; 88 (4 Suppl 1): 2-7.
5. Sennhauser FH, Braun-Fahrländer C, Wildhaber JH. The burden of asth-Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
http://jkms.org   337 DOI: 10.3346/jkms.2011.26.3.332
ma in children: a European perspective. Paediatr Respir Rev 2005; 6: 
2-7.
6. Yoon SJ, Bae SC, Lee SI, Chang H, Jo HS, Sung JH, Park JH, Lee JY, Shin Y. 
Measuring the burden of disease in Korea. J Korean Med Sci 2007; 22: 
518-23.
7. Brauer M, Hoek G, Van Vliet P, Meliefste K, Fischer PH, Wijga A, Koop-
man LP, Neijens HJ, Gerritsen J, Kerkhof M, Heinrich J, Bellander T. 
Brunekreef B. Air pollution from traffic and the development of respira-
tory infections and asthmatic and allergic symptoms in children. Am J 
Respir Crit Care Med 2002; 166: 1092-8.
8. Ryan PH, Lemasters GK, Biswas P, Levin L, Hu S, Lindsey M, Bernstein 
DI, Lockey J, Villareal M, Khurana Hershey GK, Grinshpun SA. A com-
parison of proximity and land use regression traffic exposure models and 
wheezing in infants. Environ Health Perspect 2007; 115: 278-84.
9. Nordling E, Berglind N, Melén E, Emenius G, Hallberg J, Nyberg F, Per-
shagen G, Svartengren M, Wickman M, Bellander T. Traffic-related air 
pollution and childhood respiratory symptoms, function and allergies. 
Epidemiology 2008; 19: 401-8.
10. Liao PF, Sun HL, Lu KH, Lue KH. Prevalence of childhood allergic dis-
eases in central Taiwan over the past 15 years. Pediatr Neonatol 2009; 
50: 18-25.
11. von Mutius E. Asthma and allergies in rural areas of Europe. Proc Am 
Thorac Soc 2007; 4: 212-6.
12. Sozanska B, Macneill SJ, Kajderowicz-Kowalik M, Danielewicz H, Wheat-
ley M, Newman Taylor AJ, Boznanski A, Cullinan P. Atopy and asthma 
in rural Poland: a paradigm for the emergence of childhood respiratory 
allergies in Europe. Allergy 2007; 62: 394-400.
13. Wong GW, Chow CM. Childhood asthma epidemiology: insights from 
comparative studies of rural and urban populations. Pediatr Pulmonol 
2008; 43: 107-16.
14. Lee SI, Shin MH, Lee HB, Lee JS, Son BK, Koh YY, Kim KE, Ahn YO. Prev-
alences of symptoms of asthma and other allergic diseases in Korean chil-
dren: a nationwide questionnaire survey. J Korean Med Sci 2001; 16: 155-
64.
15. Hong SJ, Lee MS, Sohn MH, Shim JY, Han YS, Park KS, Ahn YM, Son BK, 
Lee HB; Korean ISAAC Study Group. Self-reported prevalence and risk 
factors of asthma among Korean adolescents: 5-year follow-up study, 
1995-2000. Clin Exp Allergy 2004; 34: 1556-62.
16. Bae JM, Shin KS. Estimating the prevalence of atopic dermatitis in school 
students of Jejudo, Korea. J Prev Med Public Health 2009; 42: 171-6.
17. Lee JG, Moon HJ, Kim KS, Yoon JH, Kim SS, Park IY. Epidemiological study 
for allergic disease of school aged children and adolescence in rural area 
of Korea. Korean J Otolaryngol - Head Neck Surg 1998; 41: 1156-63.
18. Yeon NS, Sun YH, Kyung KW. Prevalence of allergic disease in kindergar-
ten age children in Korea. Pediatr Allergy Respir Dis 2005; 15: 439-45.
19. Asher MI, Montefort S, Björkstén B, Lai CK, Strachan DP, Weiland SK, 
Williams H; ISAAC Phase Three Study Group. Worldwide time trends in 
the prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and 
eczema in childhood: ISAAC phases one and three repeat multicountry 
cross-sectional surveys. Lancet 2006; 368: 733-43.
20. Anderson HR, Pottier AC, Strachan DP. Asthma from birth to age 23: in-
cidence and relation to prior and concurrent atopic disease. Thorax 1992; 
47: 537-42.
21. Pekkanen J, Remes ST, Husman T, Lindberg M, Kajosaari M, Koivikko A, 
Soininen L. Prevalence of asthma symptoms in video and written ques-
tionnaires among children in four regions of Finland. Eur Respir J 1997; 
10: 1787-94.
22. Chang HY, Mitzner W. Sex differences in mouse models of asthma. Can 
J Physiol Pharmacol 2007; 85: 1226-35.
23. Osman M, Tagiyeva N, Wassall HJ, Ninan TK, Devenny AM, McNeill G, 
Helms PJ, Russell G. Changing trends in sex specific prevalence rates for 
childhood asthma, eczema, and hay fever. Pediatr Pulmonol 2007; 42: 
60-5.
24. Musharrafieh U, Al-Sahab B, Zaitoun F, El-Hajj MA, Ramadan F, Tamim 
H. Prevalence of asthma, allergic rhinitis and eczema among Lebanese 
adolescents. J Asthma 2009; 46: 382-7.
25. Fagan JK, Scheff PA, Hryhorczuk D, Ramakrishnan V, Ross M, Persky V. 
Prevalence of asthma and other allergic diseases in an adolescent popu-
lation: association with gender and race. Ann Allergy Asthma Immunol 
2001; 86: 177-84.
26. Jansen DF, Timens W, Kraan J, Rijcken B, Postma DS. (A)symptomatic 
bronchial hyper-responsiveness and asthma. Respir Med 1997; 91: 121-34.
27. Weinberg EG. Urbanization and childhood asthma: an African per-
spective. J Allergy Clin Immunol 2000; 105: 224-31.
28. Liao MF, Liao MN, Lin SN, Chen JY, Huang JL. Prevalence of allergic dis-
eases of schoolchildren in central Taiwan. From ISAAC surveys 5 years 
apart. J Asthma 2009; 46: 541-5.
29. Majkowska-Wojciechowska B, Pelka J, Korzon L, Kozlowska A, Kaczala 
M, Jarzebska M, Gwardys T, Kowalski ML. Prevalence of allergy, patterns 
of allergic sensitization and allergy risk factors in rural and urban chil-
dren. Allergy 2007; 62: 1044-50.Suh M, et al.  •  Prevalence of Allergic Diseases among Korean School Children
338   http://jkms.org DOI: 10.3346/jkms.2011.26.3.332
AUTHOR SUMMARY
Prevalence of Allergic Diseases among Korean School-age Children: A Nationwide 
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Mina Suh, Ho-Hyun Kim, Myung Hyun Sohn, Kyu-Earn Kim, Changsoo Kim, and Dong Chun Shin
The purpose of this study was to investigate the nationwide prevalence of childhood allergic diseases in Korean school-age children 
(8-11 yr) and to assess the difference between residential areas (metropolitan, provincial, rural, and industrial area). Among 
30,893 subjects that completed a modified Korean version of a questionnaire formulated by the International Study of Asthma 
and Allergies in Childhood (ISAAC), the 12-month prevalence of wheeze, flexural rash, and allergic rhinitis symptoms were 4.8%, 
15.3% and 32.9%, respectively. The prevalence of diagnosis of allergic diseases in boys was higher than t! hat in girls, with the 
exception of eczema. In both boys and girls, the difference of the prevalence of allergic diseases among industrial, metropolitan 
and provincial areas was not statistically significant. In contrast, the differences between rural area and other areas were 
significant. Our results support the importance of contextual effect associated with residential area as causative agents of allergic 
diseases among Korean children.